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ABSTRACT
The purpose of this paper is to describe the structure of a girls sum-
mer school, “SAperI – Spatial Ability per l’Ingegneria” (in English,
“Knowledge – Spatial Ability for Engineering”), and to illustrate its
impact on spatial ability development and future career preferences
on those who participated in the week long summer school com-
pared to a control group that did not participate.The 5 days school,
organized by Politecnico di Torino (Italy), was included in a larger
project addressing 17 years old high-school students. Thirtyseven
girls actively took part in a summer school, while 167 students
(both males and females) were tested as a controlled group.For
those who attended the summer school, significant gains were ob-
served in four measures of spatial ability - mental rotation, spatial
visualization, mental cutting and paper folding. For a minority of
participants, scores on one of these tests, paper folding, were lower
when measured at the end of the summer school but this was an
exception. Furthermore, when tested several months after the sum-
mer school, the gains in spatial ability that were made during the
course were maintained indicating stability over time with regard
to the improvement in spatial ability.In terms of the experience of
taking the course, the feedback provided was very positive and all
but one participant would recommend the summer school to other
girls at this stage of high school.
CCS CONCEPTS
• Social and professional topics; • Gender; • General and ref-
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1 INTRODUCTION
The purpose of this paper is to describe the structure of an Italian
experience of a summer school for girls designed to improve their
spatial ability and prepare them for their future careers in a STEMM
(Science, Technology, Engineering, Mathematics, and Medicine)
field.
Historically, the term spatial ability (SA) has been used to de-
scribe a variety of relatively autonomous human intellectual com-
petencies [11] related to the representation, transformation, gen-
eration, and recall of symbolic, nonlinguistic information [23, 25].
Different categories or factors of spatial ability have been identified
over time [3, 5, 23, 25]. This paper will employ the classification of
these factors made by Linn and Petersen: spatial perception, mental
rotation, and spatial visualization [23].
Different studies have proven the existence of a strong relation
of spatial ability to mathematics and scientific thinking [8, 14, 28],
performance on standardized tests (SATs) [6], and predictive valid-
ity of occupational aptitude tests [12]. In other words, those who
are deemed to be well suited to STEMM careers having taken an
occupational aptitude test tend to also score highly on tests of spa-
tial ability. The association between spatial ability and science and
engineering career preference was also revealed in a longitudinal
study that tracked participants from high school through univer-
sity and subsequent career path [43]. In particular, considering the
survey by the U.S. Employment Service [40], engineering, science,
drafting, and designing account for 85% of all jobs requiring a high
level of SA.
This can be intuitively confirmed by the types of skill that
STEMM careers require. For example, all engineers must be very
quick at reading and interpreting graphs, solve complex part-whole
relations by recognizing the interactions of the parts of a ma-
chine, and passing from a mathematical model to the real world. In
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medicine, a surgeon must develop cognitive images and a radiolo-
gist must be able to interpret an X-rays [19], often having to reorient
their perspective if the image is mirrored or taken from a different
orientation to the view provided. In a similar way, scientists need to
apply these skills as well, for example, while they read the periodic
table in which the scientific content is spatially organized, or while
they sample in the labs using microscope observations, or by the
use of map representations of natural phenomena [32].
The relation between SA and STEMM careers has been the sub-
ject of much research which confirm its predictive validity through
longitudinal study that took into consideration students’ behavior
over a long period of time, from 20 to 50 years [43]. However, this
does not imply that people with low SA should exclude STEMM as
a future career, because numerous studies show that spatial skills
can be learned [31, 36, 41].
SA is malleable, that is, it can be trained and improved at any
age either directly or indirectly [38, 44]. Moreover, this spatial de-
velopment seems to be durable, lasting for at least several months,
interchangeable between SA factors, and transferable to other tasks
and settings [38, 41]. For example, by training mental rotation one
indirectly improves spatial perception as well [32]. Indeed, from a
psychological point of view, due to the direct contribution of work-
ing memory executive functioning, the spatial ability categories
tapped by the psychometric tests are correlated but separable [29]
Moreover, the increase of SA training can have a direct impact on
educational outcomes, such as giving the right support to complete
engineering degrees [22, 35, 36].
Robust gender differences are observed in SA, that is, males typi-
cally outperform females on certain tests, especially tests of mental
rotation [42]. Linn and Petersen (1985) in their meta-analysis try to
answer to the question "On which aspects of spatial ability are sex
differences found?". It appears that an assortment of mechanisms
favour the emergence of a sex difference, that is, environment and
biological mechanisms. The magnitude of this difference varies
among SA categories and it is detected across the life span. The
largest sex differences are found on measures of mental rotation
[7, 13, 17, 20, 24, 30, 33, 42], while smaller sex differences are found
on measures of spatial perception [21, 23].
A gender difference has also been observed in strategies used to
solve problems [10, 25, 30]. Typically, men apply holistic strategies
which seem to be very quick and accurate, instead, women prefer
analytical strategies which penalizes them particularly if the tests
are time limited [4, 15, 37]. The term ’holistic strategies’ is used
here to refer to the retrieval from memory of parallel processes
that allow one to mentally rotate the whole figure until it coincides
with the target [16]. In contrast, analytical strategies refer to verbal
processes and manipulative solution, i.e. counting cubes [39].
Another element that needs to be considered while referring
to sex differences is psychological stereotypes [1]. Indeed, females
perceive SA tasks as masculine and are more intimidated by them
than are males [27]. This apparently simple difference reflects a
deeper approach to real-life problems in which males are usually
more competitive than females and overestimate their abilities [26].
Intending to enhance SA, Sorby [35] has developed training for
first-year engineering students. The course shows a positive boost
both for males and for females not only in SA but also in the regular
engineering curricula [35]. What is not yet clear is the impact this
course can have on adolescent girls that are about to enter higher
education. This paper attempts to show the structure and the results
of "SAperI - Spatial Ability per l’Ingegneria” (in English: Knowledge
- Spatial Ability for Engineering) an intense summer school in Italy
for 17 years-old girls.
This paper begins by introducing the context of the Italian ed-
ucation system and the study itself and it will then go on to the
details of the research questions. The fourth section describes the
methodology used in the study. Section 5 analyses the results of
the training week followed by discussion and general conclusions.
2 CONTEXT
In the Italian education system, children complete a first cycle of
education, lasting 8 years (from 6-year-old to 14-year-old), followed
by a second cycle of education, lasting five years (from 14-year-
old to 19-year-old). The second cycle consists of upper secondary
schools governed by the state and classified by the type of cur-
ricula they teach as Lycée (general schools), technical institutes,
and vocational institutes. Ministry of Education establishes the
basic curriculum for all upper secondary school and divides them
into sub-tracks (i.e. Classical Lycée, Scientific Lycée, Mechanical
technical institute, ICT technical institute, . . .). Mathematics is a
fundamental discipline common to all schools but there is a differ-
entiation on the number of hours per week. Similarly, Science is
divided into separate subjects (i.e., chemistry, physics, and biology)
and not all science subjects are taught in every type of school each
year. Although some universities foresee an admission test, every
track allows access to any kind of university.
With regard to gender, women are more likely than men to
choose social science and educational Lycée while men prefer tech-
nical school. In contrast, Scientific Lycée has homogeneous distri-
bution with regard to gender.
A similar trend can be found in higher education as illustrated
in Figure 1 where the data for academic year 2017/2018 are shown.
This distribution is almost constant over time.
As shown in Figure 1, there is a very large gender gap in repre-
sentation in Engineering education. As a profession, engineering is
extremely important to society and it is important that women are
represented equally in the engineering profession so that engineer-
ing solutions are not biased in favour of one group over another.
Those qualities are useful in a society based more and more on
team work, lifelong learning and context complexity [9]. Even if
growing, the number of women engineers is still limited, possibly
compounded by a widely held belief that engineering is a job just
for men. It is necessary to increase the representation of women
enrolled in Engineering at university level in order to overcome
the image of the engineer as a predominantly male figure.
Politecnico di Torino (PoliTo) is a technical university with En-
gineering and Architectural courses located in the north of Italy.
Thanks to different actions over the last number of years, PoliTo has
made improvements in attracting female students. Despite these
efforts, more remains to be done both for the student population
and for high level academic positions. During the academic year
2017/18, 29% of applicants (out of 8127 students) were female and,
considering the enrolled students (4508), 24% of them were female.
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Figure 1: Distribution of bachelor students 2017/18 by gen-
der following the ISCED classification (data source: MIUR
open data [9])
In its Strategic Plan 2018-2024, Polito has included
“Polito4impact”, a set of specific objectives to raise the aver-
age percentage of female students enrolled in the first year of
engineering programs to over 35% and to achieve full gender
equality in some degree programs within the next 6 years [34].
To reach this goal, the following specific actions have been put
in place:
• involvement of middle and high school female students and
related mentoring in cooperation with other local bodies and
companies concerned about the gender issue;
• development of specific incentives during both the pre-
enrolment and enrolment phases.
Moreover, a dedicated team has been established, PoliWo -
PoliTo for Women, with a related project, "WeAreHere" (https:
//weareherepolito.it/), which aims to raise awareness of the gender
gap, make STEMM more attractive to women and provide support
during the study and job placement. As part of this project the
“SAperI” summer school for high-school girls was organized.
3 RESEARCH QUESTIONS
This study, therefore, set out to assess the effect of a training school
dedicated to SA development on young girls. One purpose of this
study was to assess the extent to which stereotype factors were
influencing girls’ interest in improving their spatial ability. Besides,
this study was designed to investigate the effect of an intense spatial
training course and the persistence of any spatial ability improve-
ments over time.
To summarize, the research questions can be stated as:
• Are girls interested in improving their spatial ability?
• Is intense training of 5 days sufficient to effect significant
improvement?
• If there was an improvement, was the improvement persis-
tent over time?
4 METHODOLOGY
The SAperI summer school was part of a wider project which in-
volved fourth-year high-school students, both male and female, in
2019. The project was divided into 3 steps: (a) preliminary eval-
uation, (b) summer school, (c) final evaluation. The preliminary
evaluation, in May 2019, consisted of a computer-based series of
tests related to the three categories of SA and was open to all the
interested students regardless of gender. The second step, in June
2019, was dedicated to females that took the preliminary evaluation
and that were interested in improving their SA through a 5 day
training week. At the end of the summer school a new section of
the series of tests was performed. Then in September 2019, the final
evaluation, which involved again all the students of phase (a), and
consisted of a repeat of the same series of tests.
The series of test were computed-based and included:
• Revised Purdue Spatial Visualization Tests: Visualization of
Rotations (Revised PSVT:R) - 30 items - 20 minutes [18]
• Modified Lappan Spatial Visualization Assessment (Lappan)
- 10 item - 8 minutes [18]
• Santa Barbara Cross Section mental cutting test (SBCS) - 30
items - 15 minutes [2]
• Paper Folding component of the Differential Aptitude Test
(DAT) - 10 item - 8 minutes [2]
This paper is focused on step (b) and will refer only to the par-
ticipants directly involved in the summer school.
PoliTo has a long and established network of high schools, called
"Progetto Orientamento", inside Piedmont and Valle d’Aosta regions
for activities related to the attraction campaigns. In order to address
the research questions, a general call was sent to all the Progetto
Orientamento partners. 11 high schools answered with 172 students
(95 females and 77 males). Of them, the participants interested to
participate in a SA summer school were 46, but after the preliminary
evaluation, only 37 accepted to attend. Due to personal reasons,
2 girls were absent to the final evaluation (step (c)), so 35 girls
completed the entire project.
Students did not know the content of the series of tests, they
were invited to participate to discover their SA level as an aptitude
test useful as a trial for University incoming tests.
The summer school was scheduled for 5 mornings of 4 hours
each (Monday to Friday) and 3 afternoons of 3 hours each (Tuesday
to Thursday). In the morning section, 5 modules of the training
course developed by Sorby [35] were used. The afternoon sections
consisted of competitions in small groups about topics related to
SA: Trail-O, Graphical Solving, and Origami and Touch sketch (see
the program in Table 1). At the end of the summer school, they
returned all the materials received and retook the series of tests
from the preliminary evaluation phase. In addition, an anonymous
satisfaction survey was sent to them by email.
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Table 1: Summer school week schedule
Morning Afternoon





June 18th 2019 Module B (Rotation
of objects about a
single axis)
Trail-O





June 20th 2019 Module D
(Rotation of objects









For the morning activities, each girl received a personal workbook,
10 snapcubes and a xyz axis made by K’Nex (Figure 2). For each
module, there was a short introduction by a female facilitator, fol-
lowed by some exercises at the blackboard using snapcubes to help
the mental visualization process. Then, students explored in pairs
the topic through some computer-based graphical exercises during
which they could share solution approaches. Moreover, participants
had to complete by themselves the workbook exercises with the
assistance, if needed, of two facilitators, a man and a woman. At the
end of the morning, the female facilitator showed the solutions and
shared different solution strategies. The school materials (slides,
computer-based exercises and workbook) were based on Sorby’s
course and therefore they were in English, while the mornings
lectures were in Italian.
Note that intentionally no formal training was done on mental
cutting. Thus, considering the chosen tests, the ability tested by
SBCS were not part of the summer school content.
4.2 Afternoon sections
The afternoon activities were meant to be a "play and learn" chal-
lenge. Participants were divided into different groups or pairs each
day trying to have a homogeneous distribution of the results of
the preliminary tests among them. The groups were named af-
ter STEMM women role models (i.e., Emma Strada, Ipazia, Edith
Clark, Annie Easley, Hedi Lammar, Samantha Cristoforetti, Maryam
Mirzakhani, etc.), while the pairs were named after famous inven-
tions created by women (i.e., circular saw, mechanical dishwasher,
windscreen wipers, bra, disposable diapers, pedal bin, etc.).
The first activity was Trail-O, a discipline of Orienteering that
does not involve a physical component and can be performed at a
desk using a map and compass at observation points. The activities
were organized in collaboration with a local association of Orien-
teering. First, they presented the basic concepts behind this sport
Figure 2: Materials available to each participant: 10
snapcubes and xyz K’Nex
and then they proposed 5 small game sections involving different
aspects of Trail-O with increasing difficulty. At the end of the day,
the solutions of each group were collected and secretly scored.
During the second afternoon participants completed activities
related to graphical problem-solving. During the first half of the
afternoon, they solved some guided exercises discovering their
"favourite" solution strategy and exploring graphical solutions.
Later they performed a group problem-solving competition with
10 problems of various difficulty with time bonuses and penalties.
On the last afternoon there was a lesson on technological origami
applications with some short practice sections followed by the final
phase of the competition. The challenge consisted of 3 tasks: (1)
follow some instruction to build a complex origami, (2) reproduce
a given origami, and (3) sketch the isometric and the orthographic
drawing of 2 objects that could be touched but not seen: a soft shape
and a complex snapcube construction. The two objects were placed
inside a box with a small hand hole so they were not visible to the
participants and could be touched and felt only.
As the groups and the pairs changed every day, each girl obtained
a different score calculated from the sum of the 3 activities. At the
end of the week only the first 3 participants were announced, and
they received a prize.
5 FINDINGS
At the SAperI call, 172 students answered positively, although only
167 came to PoliTo for the preliminary evaluation. At the end of
the series of tests, each student could see his/her personal score in
each test. In general, males outperformed females in all four tests
(Table 2).
The participants willing to take part at the summer school ap-
peared to be a representative sample of the female experimental
group. As the mean spatial ability score of the participants that
actually took part at SAperI summer school is slightly higher than
those who were willing to participate, it seems that those who opted
not to take the course had slightly lower SA.
All 37 participants actively participated during the entire summer
school. They all completed the workbook exercises and spent time
sketching by hand. Comparing the results of the tests obtained at
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Table 2: Descriptive statistics of the preliminary evaluation considering the different populations (Males, Females, Females
interested on the summer school, and Females that took part of the summer school)





































Table 3: Comparison between the results of tests related to










32 32 30 26
Same score 4 3 3 7
Lower score 1 2 4 4
the end of the SAperI summer school with the preliminary one, the
findings are interesting (Table 3). The majority of the participants
improved or maintained their scores in all the tests apart from the
DAT where 10% of participants recorded a lower score. One thing
that needs to be considered while analysing this DAT abnormality
is the fact that participants took the tests after an intense morning
and they could have been tired. Moreover, the last module in the
curriculumwas about flat patterns and it seems they had not enough
time to properly elaborate the content.
From these data, a further comparison has been made between
the 3 series of tests (step (a), (b), and (c)). Figure 3 is a graphical
interpretation of the results obtained by each girl, that is, the 3
scores are plotted in columns by using different symbols (back arrow
refers to preliminary results, dot refers to summer school results,
and forward arrow refers to the final results). The data of each
test typology are ordered by the results of the preliminary series
of tests. What stands out is that, generally speaking, the results
achieved after the summer break keep improving or confirming
the results obtained at the end of the summer school. Considering
Revised PSVT:R and Lappan results, in the worst cases participants’
results went back at the preliminary level. While participants with a
preliminary high score in SBCS performed with an abnormal trend
with final results lower than the previous one (13% of the school
attendants). Similarly, also in this case, the DAT test showed some
anomaly.
These observations are confirmed by the descriptive statistics in
Table 4 which refers to the 35 girls who took the all 3 steps series
of tests.
Figure 3: Graphical comparison between the results of the
three series of tests (step (a), step (b), and step (c))
Another element that needs to be analysed to understand the
impact of the SAperI summer school is the feedback survey. Using
a 5-point Likert scale (1- strongly disagree, 2 – disagree, 3 -neutral,
4 – agree, 5 – strongly agree), participants were asked to judge the
whole experience as well as the different activities (the morning
lessons, the afternoon contents and the challenge). Of the study
population, 28 participants (76%) completed the survey.
Themajority of those who responded felt that the summer school
was an extremely positive experience (43%) or a positive experience
(39%). They agree (43%) and strongly agree (32%) that the summer
school met their expectations. When asked if they considered the
week organized in a precise and efficient way, 61% of the respon-
dents reported that it was extremely well organized (5 in Likert
scale). Only 2 (7%) indicated that they perceived the activities were
not useful for the school goal and they perceived poor improvement
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Table 4: Descriptive statistics of the results achieved by the




















































on SA. An interesting result is the one related to question about the
opportunity to recommend this school, only one girl (3%) would
not recommend it, while 12 of them (43%) would strongly do it, 11
would do it (40%), and 4 would be neutral (14%).
6 CONCLUSIONS
This project was undertaken to design an intense training school
to develop SA and evaluate its effect on adolescent females. These
experiments confirmed that, for this age group and gender, SA can
be trained and that the improvement is maintained over time.
Referring to the research questions, girls’ interest in improving
their SA was not affected by their initial SA level. The participants
at the summer school covered the entire range of scores. Although
some of them found the content of the school hard, what stands
out from the survey is that they like the approach used during the
morning training sessions and perceived a personal improvement.
The majority seem to perceive personal improvement regardless of
test results. Moreover, they would recommend the school to other
friends. The main drawback point raised by some participants in
the open comments was the afternoon competition. They found
it stressful in particular the problem-solving challenge that was
time-limited. They suggested extending the peer to peer sections,
now limited to the computer-based exercises, with dedicate hand
drawing activities in pairs.
Considering the results achieved on the series of tests at the end
of the summer school, the intense training seemed to positively
improve their SA level. However, a limitation that needs to be taken
into consideration is the fact that the tests were done right after the
last training module. The participants only had a 15 minute break
before starting the one hour testing session. It is quite possible that
tiredness had a negative impact especially on the last test, the DAT.
Indeed, in this case, some participants decreased their score.
The improvements were persistent overtime for mental rotation
and spatial visualization tests, but for the mental cutting test, there
were girls who decreased their score. This could be related to the
fact that during the summer school there was no direct training on
this spatial factor.
These findings suggest that in general intense training can be
used to improve SA in adolescence girls obtaining significant im-
provements that persist over time.
Further work needs to be done to establish the relationship
between the control group and the experimental group, especially
in the series of tests after the summer break.
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